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(57) The invention relates to a method to prepare an 
aluminosilicate polymer of the imogolite type. The meth- 
od consists in treating an aluminium halide, with an alkyl 
orthosilicate, with an aqueous alkali in the presence of 



glass or silica particles, letting the mixture ripen at am- 
bient temperature, and then heating it at 96-98°C for 
long enough for the reaction to go to completion. The 
conditions of synthesis of the aluminosilicate polymer 
are thereby improved. 
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Description 

FIELD OF THE INVENTION 

[0001] This invention concerns a method to prepare 
an aluminosilicate polymer, and the use of the polymer 
obtained by said method in the treatment of photograph- 
ic processing effluents. 

BACKGROUND OF THE INVENTION 

[0002] Aluminosilicate polymers are known. A fila- 
mentous tubular crystallized aluminosilicate designated 
imogolite occurs naturally in volcanic ash. US Patents 
4 152 404 and 4 252 779 describe the synthetic prepa- 
ration of substances related to imogolites. US Patent 5 
888 711 describes a method to obtain directly a fibrous 
aluminosilicate polymer of high purity of formula Al x Si y - 
O z , where x:y is 1 to 3 and z is from 1 to 10. A variant 
of this method that affords a morphological variety of this 
aluminosilicate polymer is described in French Patent 
application 2 767 128. 

SUMMARY OF THE INVENTION 

[0003] The object of this invention is an improvement 
of the synthesis of aluminosilicate polymers as de- 
scribed in US Patent 5 888 711 or French Patent 2 767 
128, whereby these polymers are obtained faster, more 
simply, and at lower cost. 

[0004] The method of the invention, to prepare an im- 
ogolite-type aluminosilicate polymer, comprises the fol- 
lowing steps: 

(a) A mixed aluminium-silicon alkoxide, or a precur- 
sor of a mixed aluminium-silicon compound is treat- 
ed with an aqueous alkali at a pH of between 4.5 to 
6.5, keeping the molar concentration of aluminium 
between 5 x 10" 4 and 10" 2 M and the Al/Si molar 
ratio between 1 and 3. 

(b) The mixture obtained in step (a) is heated at a 
temperature lower than 1 00°C for sufficient time for 
the reaction to go to completion. 

(c) The residual ions are removed from the mixture 
obtained in step (b). 

[0005] This method is characterized in that step (a) is 
carried out in the presence of silanol groups, and in that 
after step (a) and before step (b) a ripening step at am- 
bient temperature is included. 

BRIEF DESCRIPTION OF THE DRAWING 

[0006] Figure 1 is a schematic depiction of a device 
designed to perform step (a) of the method according to 
the invention. 



DETAILED DESCRIPTION OF THE INVENTION 

[0007] According to one embodiment a mixed alumin- 
ium-silicon precursor is formed by hydrolyzing (i) an alu- 
5 minium salt, an aluminium haloalkoxide, or a mixture of 
such compounds, and (ii) an silicium alkoxide or chloro- 
alkoxide, in acid conditions (Ph 2-3). Preferably, an alu- 
minium salt such as a halide (e.g., chloride or bromide), 
a perhalogenate, a sulfate, a nitrate, a phosphate or a 
carboxylate, and a silicon alkoxide that is a methoxide 
or an ethoxide, for example, a tetramethyl or tetraethyl 
orthosilicate, can be used. The hydrolysis is carried out 
at ordinary temperature between 1 5 and 35°C, prefera- 
bly between 20 and 25°C, by adding the silicon alkoxide 
to the aluminium salt in aqueous solution, and then add- 
ing an aqueous alkali, sodium or potassium hydroxide. 
The precursor is thereby obtained. According to a pre- 
ferred embodiment, the aluminium salt, e.g. AICI 3 ,6H 2 0 
is added to water and allowed to stand 10:30 minutes 
at room temperature. The pH of the solution is about 2. 
Then a silicium compound e.g. a silicium alkoxide, is 
added to the solution. The pH of the reaction mixture is 
still about 2. Then, an alkali is added to obtain the pre- 
cursor. 

[0008] The precursor can also be formed by mixing a 
silicon alkoxide or chloroalkoxide with an aluminium 
chloralkoxide. In this procedure, as in the one above, 
the alkoxyl radical preferably contains from 1 to 5 atoms 
of carbon, such as methoxide, ethoxide, n-propoxide, or 
i-propoxide. 

[0009] To the precursor is then added an aqueous al- 
kali to get a pH between 4.5 and 6.0, preferably between 
5.0 and 5.5, while maintaining the concentration of Al 
between 5 x 1 0~ 4 M and 1 0~ 2 M and the Al/Si molar ratio 
between 1 and 3. The aluminium concentration is ad- 
vantageously set between 5 x 1 0 -3 and 7 x 1 0 -3 . Accord- 
ing to another embodiment, the alkali takes the form of 
a water-ethanol solution. An aqueous solution of sodium 
or potassium hydroxide with a concentration between 2 
M and 10 -2 M and advantageously between 0.1 M and 
1 M is preferably used. When the alkali is added, an hy- 
drolysis takes place and the polymeric aluminosilicate 
precipitates as a gel. This precipitate is collected by fil- 
tration and redissolved in acid medium to yield a limpid 
solution with a pH between about 3.8 and 4.5. This so- 
lution is then diluted to obtain an Al + Si content of be- 
tween 0.3 and 0.8 g/l. The solution is then ready for the 
heating step (b). 

[0010] The invention comprises the feature in that 
step (a) of the process, i.e. the preparation and hydrol- 
ysis of the precursor, or the hydrolysis of the mixed 
alkoxide, is carried out in the presence of silanol groups 
(SiOH). These groups can in particular be provided by 
silica particles or beads, which possess hydroxy groups 
at their surface. When the volume of liquid to be treated 
is large it may be desirable to increase the quantity of 
beads. The diameter of the beads can be between 0.2 
and 5 mm and preferably between 1 and 3 mm. The op- 
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timal diameter is selected so as to afford optimal perco- 
lation of the liquid with minimal head loss. 
[0011] The method of the invention comprises further 
the feature that the hydrolysis of step (a) is followed by 
ripening at ordinary temperature. This ripening opera- 
tion is carried out in simple containers or open tanks 
made of plastic or any other inert material. The ripening 
requires no immobilization of any reactor. The ripening 
time is at least 5 days. This time allows the time required 
for step (b) to be considerably reduced. 
[001 2] Step (b) of the method of the invention consists 
in heating the product of the hydrolysis and the ripening 
at a temperature lower than 100°C for long enough for 
the reaction to go to completion. Without ripening this 
takes several days, during which time the reactor is im- 
mobilized. With the ripening step according to the inven- 
tion the time required for the heating step can be re- 
duced to 24 hours and even to 12 hours, while retaining 
a high yield of A1 + Si in the final product. This heating 
step is carried out preferably in an inert reactor, for ex- 
ample made of stainless steel, ceramic or an enameled 
material. The inside walls of the reactor must be clean 
and in particular free of any substances or nuclei that 
favor the growth of aluminium oxides. 
[0013] According to one embodiment, the heating is 
performed at 96-98°C for 24 hours. The heating step 
can also be carried out in the presence of silanol groups 
in the form of glass or silica beads analogous to those 
of step (a). This heating is assumed to favor a conden- 
sation resulting in the formation in solution of an alumi- 
nosilicate polymer of the imogolite type. This assump- 
tion does not restrict the scope of the invention. Indica- 
tions concerning this step in the process are given in US 
Patent 5 888 711. 

[0014] According to one embodiment, after the heat- 
ing step the solution can be concentrated by any appro- 
priate method, for example by ultrafiltration or centrifug- 
ing, so as to obtain a solution of concentration between 
about 1 and 5 g/l. The solution can also be allowed to 
settle, and the least dense phase collected. This phase 
consists of a spindle-shaped variety of an aluminosili- 
cate polymer of the imogolite type that possesses im- 
proved antistatic properties. This embodiment is de- 
scribed in European Patent application 895 965. 
[0015] According to another embodiment, a stable 
solid gel can be obtained by addition of an alkali to the 
solution of the aluminosilicate polymer. For example, 
ammonia can be added to the solution to obtain a pH of 
about 8. 

[0016] According to another embodiment the alumi- 
nosilicate polymer can be modified by grafting onto its 
surface functions such as SH or -S(CH 2 ) n -S-where n is 
in the range 0 to 4. This grafting is performed by hydro- 
lyzing an alkylalkoxysilane comprising an SH or -S- 
(CH 2 ) n -S- function in the presence of the aluminosilicate 
polymer. 

[0017] The aluminosilicate polymers obtained ac- 
cording to the method of the invention are particularly 



useful for the extraction of metal cations or organic pol- 
lutants from aqueous effluents. Such extraction is highly 
advantageous for the depollution of effluents from pho- 
tographic processing, such as developing, bleaching or 
5 fixing baths, or washing water from such processing. 

EXAMPLE 1 

[0018] In a 300-liter reactor (10) made of enameled 
10 stainless steel depicted schematically in Figure 1 was 
placed 100 liters of osmosed water, followed by 369 g 
of AICI 3 , 6H 2 0 (1 .53 mole). The solution was allowed to 
stand 30 minutes at room temperature then, 129 g of 
tetramethyl orthosilicate (1.11 mole) were added. The 
15 resulting clear solution was stirred for 30 minutes. To 
this reactor, as shown in Figure 1, was fitted a circuit 
comprising an outlet (11) connected by piping (12), and 
a cartridge (13) loaded with 200 g of glass beads (14) 
of diameter 2 mm (Prolabo). The cartridge (1 3) was con- 
20 nected by piping (1 6) to a pump (1 5) with a flow rate of 
10 liters/minute that sent the liquid back to the reactor 
(1 0). To the contents of the reactor were added 3.5 liters 
of 1 M NaOH in 1 hour 30 minutes. The reaction medium 
became cloudy. The mixture was stirred for 3 hours. The 
25 mixture became clear. The pump was then disconnect- 
ed and 1.060 liters of 1M NaOH then added in 1 hour. 
A white precipitate formed, which was allowed to settle 
overnight. The supernatant was then decanted. The Al 
+ Si content of the precipitate measured by inductively 
30 coupled plasma (ICP) assay was 2.5 g/l. 

[0019] To the precipitate was added 0.6 liters of a 50: 
50 mixture by volume of 1 M HCI and 2M CH 3 C0 2 H. The 
mixture was stirred for 6 hours. It became clear and its 
pH was 4.0. This mixture was then diluted with osmosed 
35 water to obtain an Al + Si content of 0.35 g/l. 

[0020] The diluted mixture was left to stand in a con- 
tainer made of inert plastic material (polypropylene) for 
1 0 days at ambient temperature (about 20°C). This step 
is the ripening described above. 
40 [0021] The mixture was then heated at 96°C with stir- 
ring for 24 hours in a stainless steel reactor. 
[0022] The reaction mixture was then concentrated by 
ultrafiltration through an Amicon 100K (polyethersul- 
fone) membrane. The yield of imogolite, calculated in 
45 terms of Al + Si was 15 kg of 3 g/l solution (87%). 

EXAMPLE 2 

[0023] The procedure of Example 1 was repeated ex- 
50 cept that the ripening step was not performed. The final 
yield of Al + Si was less than 40%. 

EXAMPLE 3 

55 [0024] The procedure of Example 1 was repeated, ex- 
cept that glass beads were not used in step (a). Instead, 
the same amount of glass beads was placed in the re- 
actor in which the solution was heated. A heterogene- 
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ous mixture of imogolite and boehmite was obtained 
(Al 2 0 3 ). 



Claims 

1. A method to obtain an aluminosilicate polymer of 
the imogolite type, comprising the steps of : 

(a) contacting a mixed aluminium-silicon alkox- 
ide, or a precursor of a mixed aluminium-silicon 
compound with an aqueous alkali at a pH of be- 
tween 4.5 and 6.5, keeping the molar concen- 
tration of aluminium between 5 x 10~ 4 and 10~ 2 
M, and the Al/Si molar ratio between 1 and 3. 

(b) heating the mixture obtained in step (a) at a 
temperature below 100°C for a time sufficient 
for the reaction to go to completion. 

(c) removing he residual ions from the mixture 
obtained in step (b), this method being charac- 
terized in that step (a) is carried out in the pres- 
ence of silanol groups, and in that after step (a) 
and before step (b) a ripening step at room tem- 
perature is carried out. 

2. A method according to Claim 1, characterized in 
that step (b) is also carried out in the presence of 
silanol groups. 

3. A method according to either of Claims 1 or 2, char- 
acterized in that the silanol groups are provided in 
the form of silica or glass beads. 

4. A method according to any one of Claims 1 to 3, 
characterized in that said precursor of a mixed alu- 
minium-silicon compound is a product of the hydrol- 
ysis (i) of a compound selected among the class 
consisting of aluminium salts, and aluminium 
haloalkoxides, and (ii) a compound selected from 
the class consisting of y silicon alkoxides and chlo- 
roalkoxides. 

5. A method according to any one of Claims 1 to 4, 
characterized in that the duration of said ripening 
step is in the range 5 to 15 days. 

6. A method according to any one of Claims 1 to 5, 
characterized in that said precursor of a mixed alu- 
minium-silicon compound is the result of the hydrol- 
ysisof (i) an aluminium halide and (ii) asilicon alkox- 
ide. 

7. A method according to Claim 6, characterized in 
that said precursor is obtained by adding an alumin- 
ium salt to water, then adding asilicon alkoxide, and 
then adding an alkali. 

8. A method according to any one of Claims 1 to 7, 



characterized in that glass or silica beads 0.2 to 5 
mm in diameter are used in step (a). 
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